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LINEAR AND NONLINEARPULSATIONSOF 8 CEPHEISTARS

ArthurN. Cox
and

StephenW. Hodson
TheoreticalDSvision
Los AlamosScientificLaboratory

The best known B Cepheivariableis a a Virginis (Spica)because
it is a bfnary star (P - 4.01 days) and has a interferometermeasure-
ment of its angulardi-ter. In this study to see if the pulsations
can be causedby mixing of hydrogenand helium in the semiconvective
zone, the parameterswe take are 11.5 ~, 26,300K, 6.5 x 1037 erg/s
with an envelopecompositionof Y = 0.28, Z = 0.02. These data agree
within the errors of observationsas reportedrecentlyby Odell (1980)~
and the theoreticalradial fundamentalmode period of 0.171 day cow
pares well with the singleobservedpulsationperiod of 0.174 day.

An interestingand maybe uniqueaspectof the a Virgi~ispulsa-
tions is that it has been observedto have stoppedpulsatingin 1972,
even though in 1969 it had the same period seen also in 1956 and 1934
by radialvelocityobservations(see Shobbrook,Lomb and Herbiaon-
EvanaI 1972). The firstauthorpersonallyobservedthis star over sev-
eral hours in January1951 end saw no light variationsof more then a
few thousandthsof a magnitude. It appearsthat the star has a pulsa-
tion decay time of aboutsix years as lineartheory gives if there is
no persistentpulsationdrivingand only the known radiativedamping,

Figure 1 discussessemlconvectionin B stars. In the simple
homogeneouscompositioncase on the right,the stellarenvelope is
stablebecause its ●xistinglocalV = d 8nT/d &P is less than the
●diabaticvalue of Vad - r3-url. The homogeneouscompositioncore,
thou~, hu a gradientabove the Schwarzschildvalue V - Vad and is in
turbulant convection. However,if there is a compositiongradientdue
to nuchar burning,turbulentelenmntshave a restrainingfozce against
convectionand will not have turbulentconvectionunless the gradient
V is abova the Schwarzschildlevel.plus 6/(4-39)d~ ~/dtiP, that is,
above the Ledoux level. Kato (1966)showed that ●oldiesoscillateif
the ●xistinggradientis supex-Schwarzschildbut sub-Ledoux. Shibahaehi
and Oeaki (1976)showed that for large 1 values,globalnonradialpul-
sation modes will eventuallyS:OW, and presumablymixingwill occur to
.increuethe localhelium contentenough to maks the semtconvection
zone ●ventuallysub-Schwarzschild.Over long t~me scales the gradient
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will be givenby the x at the Schwarzschildlevel,but it is possible
during evolution, with slways increasingluminosity,to move upward
into the unstablew gradientregion. We investigatethe possibilityy
that this uustablep gradientgives rise to both Che unobsewable high
1 nonradialmodes and the radial fundamentalseen in B Cephei variables
Mke a Virginis.

Table 1 gives detailsof our model studiedboth in linear and non-
linoar theory. TM.s modal ha a semiconvsctivezone 9 at a Y = 0.449
with am envelo~ezone 10 of Y - 0.28 and a convectivecore (@ = 100)
ZOIM 8 of Y - 0.70. The central6 percent of the mass tithin J e cen-
tral 8 percentof the radiusproduce

z
87 percentof the total lwlno-

sity by CNO cyclingat T > 30.2 X 10 K.
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More details of the internalstructureare given in Figure 2 with
log T, log K and log p plotted against the logarithmof the external
mass frac!don. The semiconvectionzone and convectivecore can be seen
in the centralthird of the mass as a steeper P and T gradientand a
decrease in K.

The lineartheory eigenfunctionsfor the first three radialmodes
are given in Figure 3. The semiconvectionshell lies between radiua
fractionx = .25 and x = .20 where clearlythe fundamentalmode has a
larger amplitudethan all.higher modes. Semiconvectiondrivingwould
couplebetter with that mode.
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Figure 3

Figure 4 gives the linear theory damping foz the first three
radial.node~.

?
riving at I.N,000K actuallyexists in zone 44 (x M

0.98, l-q = 10- ) but it was too small to be consideredby the computer-
made plot, The mst Mmping zoi?as,

2
8, 39, and 40, at temperaturesof

ahmxt 300,000K occur at L-q x 10- ~nd x = 0.96 where all three
modem consideredhave a largu pulsariea amplitude as shovn In Figure 3.
Tha reaeon for the inc.raaseby a factorof roughly10 in dsmpingas one
goes to each higher nmde seems co be ra.latedto the steeper gracliant
and increasednonadlabaticityof the higher mode ei8enfunctions, The
wall known rmult that th~so stars se~m pulsat ionally stable in Mxmar
thtory is evident.

Variousmmlinear theory calculationshava been made to test de-
stabilizationdue to tirm vary$ngconvection~ and continuous,periodic
and impulsivemixing of H end Ho in the semiconvectionzone. At the
oucsr ●dge a,fth~ convectiv~CO:* (interfaca7) convectioncarries
only about 20 parcent of tha lacd luminosityand it varies by only
about 10 ptrcent. Further,the convactivaluminositypeaks juat aftar
cha tiam when tha dtur is at maxlmwu radius. Thus this ●xtra luminos-
ity, if it has any affect at all, impedescontractionand tendm to



damp pulsations.
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Figure 4

Calculationsco date indicatethat continuousor periodicmixing,
using as a diffusioncoefficientthe mixing length times tha convective
velocity,give no destabilizationt Helzum is gentlymoved outward,
even periodically,but this semiconvective drivingis easilydamped in
the out&r disai.pative regions.

Figure5 shows the resultof a sudden Iucreaaeof H in the sami-
convactlvezone by one part in 104, A backgroundradialvelocityof
A 1 b/s (+ 0%32) is present in this ncnlinearcalculation. Tbe dis-
turbanca at the surfaca is shout + 0~1 as the model rings. Since the
overtonesdie rapidly,it may be that th:s single event can put the
model into the fundamentalmode after 103 first overtoneperiods. Mty-
be occasionalsuddenmixing can keep the star pulsatingindefinitely.
More studies@re in progress.

Figure5
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